Pulmonary vascular dysfunction induced by high tidal volume mechanical ventilation.
Acute lung injury and acute respiratory distress syndrome are characterized by increased pulmonary artery pressure and ventilation-perfusion mismatch. We analyzed the changes in the pulmonary vascular function in a model of ventilator-induced acute lung injury. Controlled in vivo laboratory study. Animal research laboratory. Anesthetized male Sprague-Dawley rats. Rats were ventilated for 120 minutes using low tidal volume ventilation (control group, tidal volume 9 mL/kg, positive end-expiratory pressure 5 cm H2O, n = 15), high tidal volume ventilation (high tidal volume group, tidal volume 25 mL/kg, zero positive end-expiratory pressure, n = 14), or high tidal volume ventilation plus the poly-(adenosine diphosphate-ribose) polymerase inhibitor 3-aminobenzamide (10 mg/kg IP, high tidal volume group + 3-aminobenzamide group, n = 7). Vascular rings from small pulmonary arteries were mounted in a myograph for isometric tension recording. Lung messenger RNA and protein expression were analyzed by reverse transcriptase-polymerase chain reaction and Western blot, respectively. High tidal volume ventilation impaired phenylephrine- and acetylcholine-induced responses in pulmonary arteries in vitro, which were accompanied by induction of inducible nitric oxide synthase messenger RNA and protein. These effects, as well as hypoxemia and hypotension, were prevented by 3-aminobenzamide. Hypoxic pulmonary vasoconstriction and responses to exogenous sphingomyelinase were increased, whereas the responses to serotonin, Kv current density, and inhibition of Kv currents by hypoxia were unaffected by high tidal volume. High tidal volume ventilation-induced pulmonary vascular dysfunction was characterized by reduced alpha-adrenergic-induced vasoconstriction, reduced endothelium-dependent vasodilatation, and enhanced hypoxic pulmonary vasoconstriction.